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[57] ABSTRACT 

A charging apparatus for charging batteries of automobiles 
includes an inverter for converting the direct current from a 
direct current poWer source into an alternating current and a 
transformer having a ?rst coil and a second coil. When an 
alternating current from the inverter is applied to the ?rst 
coil, the second coil produces an alternating voltage. A 
capacitor is connected between the terminals of the second 
coil to increase the alternating voltage produced in the 
second coil. A recti?er circuit recti?es the alternating volt 
age increased in the booster circuit into a direct current 
voltage and the direct current voltage is applied to the 
battery. TWo transistors, Which function as a short circuit, are 
provided in the recti?er circuit. When the direct current 
voltage from the recti?er circuit is equal to or higher than a 
predetermined permissible value, a drive signal from a drive 
circuit turns on the tWo transistors. Then, the terminals of the 
second coil are short-circuited and the voltage applied to the 
terminals instantaneously turns null. This protects the ele 
ments forming the charging apparatus from high voltage. 

18 Claims, 4 Drawing Sheets 
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BATTERY CHARGER WITH MONITOR AND 
PROTECTION CIRCUITS 

BACKGROUND OF THE INVENTION 

The present invention relates to a charging apparatus and 
a charging method for charging batteries of, for example, 
electric vehicles. More particularly, the present invention 
pertains to a charging apparatus and charging method that 
prevent an abnormal increase of voltage When charging a 
battery. 

FIG. 4 is an electric circuit diagram of a knoWn charging 
apparatus for electric vehicles. The charging apparatus 
includes a direct current poWer source E, an inverter 11, a 
transformer T, and a recti?er circuit 12. The inverter 11 
converts a direct current from the poWer source E to an 
alternating current. The transformer T includes a ?rst coil T1 
and a second coil T2. When a direct current is applied to the 
?rst coil T1 from the inverter 11, an induced electromotive 
force is generated in the second coil T2. The recti?er circuit 
12 recti?es the induced electromotive force, Which is an 
alternating voltage, to a direct current and then delivers the 
direct current to a battery B installed in the electric vehicle 
(not shoWn). As a result, the battery B is charged. 

The direct current poWer source E, the inverter 11, and the 
?rst coil T1 function as a ?rst circuit and are provided, for 
example, in a charge control box (not shoWn) located on the 
ground. The recti?er circuit 12 and the second coil T2 
function as a second circuit and are provided in the electric 
vehicle. The control box includes a coupler having the ?rst 
coil T1, and the electric vehicle includes a coupler having 
the second coil T2. The couplers are detachably coupled. 
When the couplers are coupled, the ?rst coil T1 faces the 
second coil T2 in a contactless state. The battery B is 
charged in this state. Since charging is performed through 
the coils T1, T2, Which are not in contact, the above 
described charging apparatus is called a non-contact charg 
ing apparatus. 

It is generally knoWn that the loWer the frequency of 
alternating current generated by the inverter 11 is, the greater 
the poWer of the direct current produced in the recti?er 
circuit 12 is. Accordingly, it is necessary to vary the fre 
quency of the alternating current generated in the inverter 11 
in a Wide range so that the value of the direct current poWer 
delivered to the battery B is varied over a Wide range. To 
achieve this, it is necessary to control the ON/OFF cycle of 
sWitching transistors in the inverter 11 over a Wide range. 
This increases the burden on the control apparatus control 
ling the inverter 11. Also, to handle alternating currents 
having a Wide range of frequencies, a large transformer T 
must be used. 

To solve this problem, as shoWn by dotted lines in FIG. 4, 
a capacitor C is connected betWeen the terminals of the 
second coil T2. The capacitor C functions as a booster circuit 
that increases the induced electromotive force generated in 
the second coil T2. Also, the capacitor C and a reactor L are 
serially connected to the ?rst coil T1 and form a resonance 
circuit. The resonance circuit is capable of Widely varying 
the direct current voltage obtained by the recti?er circuit 12 
by simply varying the frequency of alternating current 
generated by the inverter 11 in a narroW range, more 
speci?cally, in a loW frequency range. 

Japanese Unexamined Patent Publication No. 2-303329 
describes a charging apparatus including a circuit breaker in 
the second circuit. The circuit breaker disconnects the rec 
ti?er circuit and the battery When an excessive amount of 
current ?oWs from the recti?er circuit to the battery. In the 
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2 
conventional apparatus shoWn in FIG. 4, also, a fuse F that 
serves as a circuit breaker is provided betWeen the recti?er 
circuit 12 and the battery B. Further, a relay (not shoWn) is 
serially connected to the battery B. If the fuse F or the relay 
is cut off during charging, the output voltage of the recti?er 
circuit increases immediately (in about 100 microseconds). 
This is because the output voltage of the recti?er circuit 12 
is increased When the induced electromotive force generated 
in the second coil T2 is increased in the capacitor C. 

Suppose, for example, the ratio betWeen the number of 
turns of the ?rst coil T1 and the number of turns of the 
second coil T2 is one to one, the alternating voltage gener 
ated in the inverter 11 is 400V, and the output voltage of the 
recti?er circuit 12 is 420V to 430V. When the fuse F is cut 
off in this case, the output voltage of the recti?er circuit 12 
instantaneously goes up to 800V to 900V. The high voltage 
may be beyond the voltage resistance of the elements 
constituting the second circuit, that is, a diode in the recti?er 
circuit 12 or a smoothing capacitor C5 that is located 
betWeen the recti?er circuit 12 and the battery B. 

Japanese Unexamined Publication No. 7-39077 discloses 
a charging apparatus that sends the operation condition of 
the second circuit to the ?rst circuit by optical communica 
tion and that controls the operation of the ?rst circuit in 
accordance With the operation condition of the second 
circuit. This kind of charging apparatus permits stopping the 
operation of the ?rst circuit When the fuse F is cut off in the 
second circuit. HoWever, the operation of the ?rst circuit is 
stopped in response to the cutoff of the fuse F, and this is too 
sloW to prevent an abnormal increase of voltage in the 
second circuit. 

It is possible to provide a sWitch for cutting off the 
recti?er circuit 12 from the second coil T2 When a high 
voltage is generated by the cutoff of the fuse F. HoWever, 
even using the sWitch, a high voltage is applied to the 
capacitor C that is a booster circuit. 

SUMMARY OF THE INVENTION 

The present invention is designed to solve the above 
problems. The objective of the invention is to provide a 
charging apparatus and a charging method that prevent an 
abnormal increase of voltage during charging. 
To achieve the above objective, the present invention 

provides a charging apparatus for charging based on an 
alternating voltage produced in a second coil of a trans 
former. The second coil include a pair of terminals. A 
booster circuit is connected betWeen the terminals of the 
second coil for increasing the alternating voltage produced 
in the second coil. A recti?er circuit recti?es the alternating 
voltage increased in the booster circuit to a direct current 
voltage for charging. A monitor monitors the direct current 
voltage from the recti?er circuit and outputs a drive signal 
When the direct current voltage is equal to or higher than a 
predetermined permissible value. A short circuit short 
circuits the terminals of the second coil in response to the 
drive signal from the monitor. 
The present invention also provides a method for charging 

batteries based on an alternating voltage produced in a 
second coil of a transformer. The second coil includes a pair 
of terminals. The method includes steps of increasing the 
alternating voltage produced in the second coil by a booster 
circuit and rectifying the alternating voltage increased in the 
booster circuit into a direct current voltage by a recti?er 
circuit. The recti?er circuit applies the direct current voltage 
to the battery for charging. The method further includes a 
step of short-circuiting the terminals of the second coil When 
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the direct current voltage from the recti?er circuit is equal to 
or higher than a predetermined permissible value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention that are believed to 
be novel are set forth With particularity in the appended 
claims. The invention, together With objects and advantages 
thereof, may best be understood by reference to the folloW 
ing description of the presently preferred embodiments 
together With the accompanying draWings in Which: 

FIG. 1 is a circuit diagram of a charging apparatus 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a perspective vieW shoWing a method for 
charging a battery of an electric vehicle using a charging 
apparatus of FIG. 1; 

FIG. 3 is a circuit diagram of a charging apparatus 
according to a second embodiment of the present invention; 
and 

FIG. 4 is a circuit diagram shoWing a conventional 
charging apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A ?rst embodiment of the present invention Will noW be 
described in reference to FIGS. 1 and 2. In this embodiment, 
like numerals are used for members similar to those of FIG. 
4. 

As shoWn in FIG. 1, a direct current poWer source E is 
connected to an inverter 11. Although the construction of the 
poWer source E is not shoWn, the poWer source E includes 
a recti?er circuit and a DC/DC converter. The recti?er 
circuit converts an alternating current of the commercial 
alternating poWer source to a direct current. The DC/DC 
converter increases the direct current from the recti?er 
circuit. 

The inverter 11 includes four transistors Q1, Q2, Q3, Q4. 
These transistors constitute an IGBT (Insulate Gate Bipolar 
Transistor). The serial-connected transistors Q1, Q2 and the 
serial-connected transistors Q3, Q4 are parallel-connected to 
the poWer source E. 

Capacitors C1—C4, Which function as resonance circuit, 
are parallel-connected to the transistors Q1—Q4 respectively. 
Also, diodes D1—D4, Which function as a ?yWheel circuit, 
are parallel-connected to the transistors Q1—Q4 respectively. 
Further, control signals S1—S4 from a controller 10 are input 
to the base of the transistors Q1—Q4 respectively. 

The inverter circuit 11 includes a pair of output terminals 
A1, A2. The output terminal A1 is connected to the terminal 
A3 of a ?rst coil T1 of a transformer T through the reactor 
L. The output terminal A2 is connected to the terminal A4 of 
the ?rst coil T1. 

Each transistor Q1—Q4 is ON/OFF controlled based on 
control signals S1—S4 from the controller 10. As a result, the 
direct current from the poWer source E is converted to an 
alternating current and applied to the ?rst coil T1 of the 
transformer T. 

The transformer T includes a second coil T2 arranged to 
face the ?rst coil T1. The ratio betWeen the number of turns 
of the ?rst coil T1 and the number of turns of the second coil 
T2 is one to one. When an alternating current from the 
inverter 11 is applied to the ?rst coil T1, an induced 
electromotive force is generated in the second coil T2. 
A capacitor C, Which functions as a booster circuit, is 

connected betWeen a pair of terminals A5, A6 of the second 
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4 
coil T2. The terminals A5, A6 are respectively connected to 
input terminals A7, A8 of a recti?er circuit 12. The capacitor 
C and the reactor L constitute a resonance circuit and 
increase the induced electromotive force, that is, the alter 
nating voltage generated in the second coil T2. 

Arecti?er circuit 12 includes four diodes D5, D6, D7, D8. 
These diodes D5—D8 form a bridge circuit. The recti?er 
circuit 12 recti?es the alternating voltage increased by the 
capacitor C to a direct current voltage Vc. The direct current 
voltage Vc is applied to a battery B through a fuse F. As a 
result, the battery B is charged. A smoothing capacitor C5 is 
connected betWeen output terminals A9, A10 of the recti?er 
circuit 12. The smoothing capacitor C5 smoothes the direct 
current voltage Vc recti?ed in the recti?er circuit 12. 
A ?rst transistor O5 is connected parallel to the diode D6 

of the recti?er circuit 12. The ?rst transistor Q5 includes a 
collector connected to the cathode of the diode D6 and an 
emitter connected to the anode of the diode D8. A second 
transistor O6 is connected parallel to the diode D8. The 
second transistor Q6 includes a collector connected to the 
cathode of the diode D8 and an emitter connected to the 
anode of the diode D8. The ?rst and second transistors Q5, 
Q6 are simultaneously ON/OFF controlled by a sWitch drive 
circuit 14. 

Suppose the ?rst and second transistors Q5, Q6 are both 
turned on When an induced electromotive force (alternating 
voltage) is being generated in the second coil T2. When the 
potential of the terminal A5 of the second coil T2 is higher 
than the potential of the terminal A6, the ?rst transistor Q5 
and the diode D8 function as a short circuit, and a closed 
circuit is formed. The closed circuit includes the ?rst tran 
sistor Q5, the diode D8 and the second coil T2. On the other 
hand, When the potential of the terminal A5 is loWer than the 
potential of the terminal A6, the second transistor Q6 and the 
diode D6 function as a short circuit, and a closed circuit is 
formed. The closed circuit includes the second transistor Q6, 
the diode D6 and the second coil T2. 
A voltage detector circuit 13 is connected betWeen the 

terminals A9, A10 of the recti?er circuit 12. The detector 
circuit 13 detects the direct current voltage Vc applied to the 
battery B for charging. When the detected direct current 
voltage is higher than or equal to a predetermined permis 
sible value, the detector circuit 13 sends a signal S5 indi 
cating the abnormality to the sWitch drive circuit 14. The 
permissible value is a maXimum voltage value that does not 
damage the elements constituting the second circuit, that is, 
the capacitor C, the diodes D5—D8, the transistors Q5, Q6, 
and the smoothing capacitor C5. The permissible value has 
been obtained according to previous tests. 
When inputting the abnormality signal S5, the sWitch 

drive circuit 14 sends a drive signal S6 to the base of the ?rst 
and second transistors Q5, Q6 and turns on the transistors 
Q5, Q6. In other Words, When the direct current voltage Vc 
output from the recti?er circuit 12 is higher than or equal to 
the permissible value, the transistors Q5, Q6 and the diodes 
D6, D8 function as a short circuit to short-circuit the 
terminals A5, A6 of the second coil T2. 
As shoWn in FIG. 2, the direct current poWer source E, the 

inverter 11, the reactor L, and the controller 10, Which 
constitute the ?rst circuit, are accommodated in a charge 
control boX 21 provided on the ground. An arm 21a eXtends 
from the charge control boX 21. A coupler 22 having the ?rst 
coil T1 is attached to the distal end of the arm 21a. 

The recti?er circuit 12, the capacitors C, C5, the detector 
circuit 13, and the sWitch drive circuit 14, Which constitute 
the second circuit, are accommodated in an accommodation 
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boX 25 provided in an electric vehicle 23. The second coil T2 
is provided in a coupler 24 located in the electric vehicle 23. 
Although not shoWn in FIG. 2, the battery B is installed in 
the electric vehicle 23. 

The couplers 22, 24 are detachably joined by moving the 
arm 21a of the control boX 21. When the couplers 22, 24 are 
joined, the ?rst coil T1 faces the second coil T2 Without 
contacting. The battery B is charged in this state. 

That is, a direct current from the poWer source E is 
converted to an alternating current by the inverter circuit 11. 
When the alternating current is applied to the ?rst coil T1 of 
the transformer T, an alternating voltage is generated 
betWeen the terminals A5, A6 of the second coil T2. The 
alternating voltage is increased by the capacitor C. The 
increased alternating voltage is recti?ed by the recti?er 
circuit 12, and the direct current voltage Vc is applied to the 
battery B for charging. 

If the fuse F is cut off for some reason, the capacitor C 
instantaneously increases the direct current voltage Vc. 
When the direct current voltage Vc reaches the permissible 
value, the detector circuit 13 sends the abnormality signal S5 
to the sWitch drive circuit 14. When inputting the signal S5, 
the sWitch drive circuit 14 outputs the drive signal S6 to the 
?rst and second transistors Q5, Q6 and turns on the transis 
tors Q5, Q6. Then, the transistors Q5, Q6 and the diodes D6, 
D8 short-circuit the terminals A5, A6 of the second coil T2. 
Accordingly, the voltage applied betWeen the terminals A5, 
A6 turns instantaneously null and the capacitor C stops 
functioning as a booster circuit. The direct current voltage 
Vc betWeen the output terminals A9, A10 of the recti?er 
circuit 12 turns null and does not eXceed the permissible 
value. 

Thus, the elements forming the second circuit, that is, the 
capacitor C, the diodes D5—D8, the transistors Q5, Q6, and 
the smoothing capacitor C5 do not suffer from a voltage that 
damages them. 
An abnormal increase of voltage in the second circuit is 

prevented by the detector circuit 13, the sWitch drive circuit 
14, and the transistors Q5, Q6, Which are included in the 
second circuit, not in the ?rst circuit. Therefore, an abnormal 
increase of voltage is more quickly and ?rmly prevented in 
comparison to When the operation of the ?rst circuit is 
controlled in accordance With the operation of the second 
circuit. 

The second circuit is located in the electric vehicle 23. As 
a result of ?rmly preventing the abnormal voltage increase 
in the second circuit, maintainability and reliability of the 
charging apparatus of the electric vehicle 23 improve. 

The present invention can further be embodied as folloWs. 

In a second embodiment shoWn in FIG. 3, a semiconduc 
tor sWitch Q10, Which is a tWo Way sWitch such as a triac, 
is connected betWeen the input terminals A7, A8 of the 
recti?er circuit 12. The sWitch Q10, Which functions as a 
short circuit, is closed by the drive signal S6 from the sWitch 
drive circuit 14 and forms a closed circuit With the second 
coil T2. A relay may be used in place of the semiconductor 
sWitch Q10. 

In the embodiment shoWn in FIG. 2, the coil T1 faces the 
coil T2 Without contacting When the couplers 22, 24 are 
joined, and charging is performed through the non-contact 
coils T1, T2. The present invention may, hoWever be 
employed in charging apparatuses other than non-contact 
type charging apparatuses. 

In the embodiment shoWn in FIG. 2, the second circuit is 
located in the electric vehicle 23. HoWever, the second 
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circuit may be located in the charge control boX 21, and 
charging cords extending from the output terminals A9, A10 
of the recti?er circuit 12 may be connected to the battery B 
in the vehicle 23. In this case, the ?rst coil T1 and the second 
coil T2 may be integrally, inseparably formed. 
The embodiment of FIG. 2 shoWs a charging apparatus for 

the automobile 23, hoWever, the present invention may be 
employed With various vehicles such as trucks, buses, and 
forklifts. Further, the present invention may be employed in 
charging apparatuses for purposes other than vehicles. 

It should be apparent to those skilled in the art that the 
present invention may be embodied in many other speci?c 
forms Without departing from the spirit or scope of the 
invention. Therefore, the present eXamples and embodi 
ments are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 
herein, but may be modi?ed Within the scope and equiva 
lence of the appended claims. 
What is claimed is: 
1. A charging apparatus for charging based on an alter 

nating voltage produced in a second coil of a transformer, 
Wherein the second coil includes a pair of terminals, the 
charging apparatus comprising: 

a booster circuit connected betWeen the terminals of the 
second coil for increasing the alternating voltage pro 
duced in the second coil; 

a recti?er circuit for rectifying the alternating voltage 
increased in the booster circuit to a direct current 
voltage for charging; 

a monitor for monitoring the direct current voltage from 
the recti?er circuit, Wherein the monitor outputs a drive 
signal When the direct current voltage is equal to or 
higher than a predetermined permissible value; and 

a short circuit for short-circuiting the terminals of the 
second coil in response to the drive signal from the 
monitor. 

2. The charging apparatus according to claim 1, Wherein 
the recti?er circuit includes four diodes that form a bridge 
circuit, the short circuit includes transistors respectively 
parallel-connected to tWo of the diodes, and Wherein the 
transistors are turned on to short-circuit the terminals of the 
second coil in response to the drive signal from the monitor. 

3. The charging apparatus according to claim 1, Wherein 
the short circuit is a sWitch betWeen the terminals of the 
second coil, and Wherein the sWitch is closed to short-circuit 
the terminals of the second coil in response to the drive 
signal from the monitor. 

4. The charging apparatus according to claim 1, Wherein 
the monitor includes: 

a detector for detecting the direct current voltage from the 
recti?er circuit, the detector outputting a signal to 
indicate the abnormality When the detected voltage is 
equal to or higher than the permissible value; and 

a drive circuit for outputting the drive signal to the short 
circuit in response to the abnormality signal from the 
detector. 

5. The charging apparatus according to claim 1, Which is 
located in a vehicle having a battery, Wherein the recti?er 
circuit applies a direct current voltage to the battery for 
charging. 

6. The charging apparatus according to claim 1 further 
comprising: 

a direct current poWer source; 

an inverter for converting a direct current from the poWer 
source into an alternating current; and 
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a ?rst coil forming a part of a transformer, wherein the 
second coil produces the alternating voltage When the 
alternating current from the inverter is applied to the 
?rst coil. 

7. The charging apparatus according to claim 6 further 
comprising: 

a ?rst circuit including the direct current poWer source, 
the inverter, and the ?rst coil; and 

a second circuit including the second coil, the booster 
circuit, the recti?er circuit, the monitor, and the short 
circuit, Wherein the ?rst circuit and the second circuit 
is detachably joined through the coils. 

8. The charging apparatus according to claim 7, Wherein 
the ?rst circuit is located in a charge control box located in 
a predetermined place and the second circuit is installed in 
a vehicle having a chargeable battery. 

9. The charging apparatus according to claim 6, Wherein 
the booster circuit includes a capacitor. 

10. The charging apparatus according to claim 9 further 
comprising a reactor connected to the ?rst coil, Wherein the 
reactor and the capacitor forms a resonance circuit. 

11. A charging apparatus for charging a battery, the 
charging apparatus comprising: 

a direct current poWer source; 

an inverter for converting a direct current from the poWer 
source into an alternating current; 

a transformer including a ?rst coil and a second coil, 
Wherein the second coil produces an alternating voltage 
When the alternating current from the inverter is applied 
to the ?rst coil, and Wherein the second coil has a pair 
of terminals; 

a booster circuit connected betWeen the terminals of the 
second coil for increasing the alternating voltage pro 
duced in the second coil; 

a recti?er circuit for rectifying the alternating voltage 
increased in the booster circuit to a direct current 
voltage, the recti?er circuit applying the direct current 
voltage to the battery for charging; 

a monitor for monitoring the direct current voltage from 
the recti?er circuit, Wherein the monitor outputs a drive 
signal When the direct current voltage is equal to or 
higher than a predetermined permissible value; 

a short circuit for short-circuiting the terminals of the 
second coil in response to the drive signal from the 
monitor; 

a ?rst circuit including the direct current poWer source, 
the inverter, and the ?rst coil; and 

a second circuit including the second coil, the booster 
circuit, the recti?er circuit, the monitor, and the short 
circuit, Wherein the ?rst circuit and the second circuit 
are detachably joined through the coils. 

12. The charging apparatus according to claim 11, 
Wherein the recti?er circuit includes four diodes forming a 
bridge circuit, and the short circuit includes transistors 
respectively parallel-connected to tWo diodes, and Wherein 
the transistors are turned on to short-circuit the terminals of 
the second coil in response to the drive signal from the 
monitor. 

13. The charging apparatus according to claim 11, 
Wherein the short circuit is a sWitch connected betWeen the 
terminals of the second coil, Wherein the sWitch is closed to 
short-circuit the terminals of the second coil in response to 
the drive signal from the monitor. 
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14. The charging apparatus according to claim 11, 

Wherein the monitor includes: 

a detector located betWeen the recti?er circuit and the 
battery for detecting a direct current voltage from the 
recti?er circuit, Wherein the detector outputs a signal 
indicating the abnormality When the detected direct 
current voltage is equal to or higher than the permis 
sible value; and 

a drive circuit for outputting the drive signal to the short 
circuit in response to the abnormality signal from the 
detector. 

15. The charging apparatus according to claim 14, 
Wherein the ?rst circuit is located in a charge control box 
located in a predetermined place and the second circuit is 
installed in a vehicle having the chargeable battery. 

16. The charging apparatus according to claim 11 further 
comprising a circuit breaker that cuts off the recti?er circuit 
from the battery When an excessive current ?oWs from the 
recti?er circuit to the battery. 

17. A method for charging a battery based on an alternat 
ing voltage produced in a second coil of a transformer, 
Wherein the second coil includes a pair of terminals, the 
method comprising steps of: 

increasing the alternating voltage produced in the second 
coil With a booster circuit; 

rectifying the alternating voltage increased by the booster 
circuit into a direct current voltage With a recti?er 
circuit, the recti?er circuit applying the direct current 
voltage to the battery for charging; 

monitoring the direct current voltage produced by the 
recti?er circuit to determine if the direct current voltage 
exceeds a predetermined value; 

generating a drive signal When the direct current voltage 
exceeds the predetermined value, as determined by the 
monitoring step; and 

short circuiting the terminals of the second coil in 
response to the drive signal. 

18. Amethod for charging a battery, the method compris 
ing steps of: 

converting a direct current from a direct current poWer 
source into an alternating current With an inverter; 

applying the alternating current generated by the inverter 
to a ?rst coil of a transformer such that a second coil of 
the transformer produces an alternating voltage; 

increasing the alternating voltage produced in the second 
coil With a booster circuit; 

rectifying the increased alternating voltage produced by 
the booster circuit into a direct current voltage With a 
recti?er circuit; 

applying the direct current from the recti?er to a battery 
for charging; 

monitoring the direct current voltage from the recti?er 
circuit to determine if the direct current voltage is equal 
to or higher than a predetermined permissible voltage; 
and 

short-circuiting a pair of terminals of the second coil 
When the direct current voltage is equal to or higher 
than the predetermined permissible voltage, as deter 
mined by the monitoring step. 

* * * * * 
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